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(57) A method and apparatus for controlling the 
number of servers in a multisystem cluster. Incoming 
work requests are organized into service classes, each 
of which has a queue serviced by servers across the 
cluster Each service class has defined for it a local per- 
formance index for each particular system of the cluster 
and a multisystem performance index for the cluster as 
a whole Each system selects one service class as a 
donor class for donating system resources and another 
service class as a receiver class for receiving system 
resources, based upon how well the service classes are 
meeting their goals. Each system then determines the 
resource bottleneck causing the receiver class to miss 
its goals. If the resource bottleneck is the number of 
servers, each system determines whether and how 
many servers should be added to the receiver class, 
based upon whether the positive effect of adding such 
servers on the performance index for the receiver class 
outweighs the negative effect of adding such servers on 
the performance measure for the donor class. If a sys- 
tem determines that servers should be added to the re- 
ceiver class, it then determines the system in the cluster 
to which the servers should be added, based upon the 
effect on other work on that system. To make this latter 
determination, each system first determines whether 
another system has enough idle capacity and, if so, lets 
that system add servers. If no system has sufficient idle 
capacity, each system then determines whether the lo- 
cal donor class will miss its goals if servers are started 
locaHy. It not, the servers are started on the local system. 
Otherwise, each system determines where the donor 



class will be hurt the least and acts accordingly. To en- 
sure the availability of a server capable of processing 
each of the work requests in the queue, each system 
determines whether there is a work request in the queue 
with an affinity only to a subset of the cluster that does 
not have servers for the queue and, if so, starts a server 
for the queue on a system in the subset to which the 
work request has an affinity. 
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ESSi IT inVe " tion ; ela,es to an '"formation handling system in which incoming work requests belonging to a first 
service class are placed in a queue for processing by one or more servers 

5 SfLiStTi rrt^ 10 " T"?" 9 W ° rk rSqUeStS Pla06d 8 qU8Ue f ° r assi 9nment to an available server are 
well known in the art. S.nce the frequency at which the incoming requests arrive may not be readily controlled the 

t o n ™^.TJf anS O, h COnt ; 0llin 9 s ^ m P^ormance (measured by queue delay or the like) in such a queued system is 
befno 111 ""T' S6rVerS . THUS ' * 13 kn ° Wn in ,he ^ 10 Start 8n additional server when th. length of the queue 
w " J, r ^ Certa ' n h ' 9h threSh ° ld ° r 10 St ° P 3 Server When the len 9 th of the <,"eue being served reaches 

whic^r TV T e T h " eXpediem may aChi6Ve i,S dSSi 9 n ob j ec,ives ' « is unsatisfactory in a system in 
which other units of work besides the queued work requests are contending for system resources Thus even thouqh 
providing an addrtiona, server for a queue may enhance the performance of the work requests in that queue proving 

of^eTs*^ 

« [0003] Most current operating system software is not able to take over the responsibility for managing the number 

tZZ:ZT°T 9 t0 6 : d " USer ° riemed 90a ' S SpeCified f ° r the WOrk re « uests and considering^^ ^worktth 
independen goals running ,n the same computer system. The commonly assigned copending application of J D Aman 

slrtrs ona Z °T B T fMed MarCh 28 ' 1 " 7 ' diSC ' 0SeS 3 me,h ° d and a PP-atus for^L^g the numbe" of 
f or ™ce«fnn h ™°* ,0 3 firSt Service class are P*** a queue 

h , a r s r fl ? T T' 9 SefVerS SyS,em alS ° haS mitS ° f WOrk assi 9 ned to at least ° ne °ther service cTass 
K lZ?t , T T r6SOurces ln accordance with the invention, a performance measure is defined for the 

s itZ? 2"! ^.T 38 31 ' eaSt ° nS ° ther SerViCS C ' aSS Be, ° re addin 9 servers to the *« service class there 
ii rr ° y POS ' tiVe ° n th6 P ertormance ™asure for the first service class, but also the negate 
noS, « r^r 8 "" m6aSUre f ° r ° ther S6rViCe ° laSS SerVerS are added to the « rst class only if the 

^1oT?^| r ^ci n ^ 8U " ^ firSt S6fViCe °' aSS ° UtW9i9hS nS9atiVe effeCt °" the Pert ~ e 

SZJir trjHH* 6 inVent !°w diSC,OSed thiS copendin 9 aPP»cation considers the impact on other work when deciding 
l h l he n t0 add f serv ^s, ,t does so ,n the context of a single system. In a multisystem complex ("sysplex"), however a 
single queue of work requests may be serviced by servers from across the complex. Thus, oragj queueVe 
formance * "* 3 ^ bUt Where t0 add the server to °P"™e °^a.l sysptex per 

E^fl * CCOrdin9 to a first as P ect - tne P rese nt invention provides a method as claimed in claim 1 
EEEL tHe determining S ^PS are performed by each of the systems, and each of the systems determines 

whetter t s a target system and adds one or more servers locally if i, determines that it is a target system The sTrlice 

oSorl SerV ' Ce C JT' C ' USter haVin9 31 leaS ' ° ne ° ,her service class < each ° f the service ctasses h i 
performance measure defined for it. The step of determining whether servers should be added to the first service Zs 

™hT S w ePS ? da,erminin 9 a P° sitive ^ect on the performance measure for the first service class of adding 
for on or' I T T ,0 ^ C,aSS; dete ™ in 9 a negative effect on the performance measure 

Z°Z k ° th erserv,ce classes of adding the predetermined number of servers to the first service class and 

efleTon Z n J P ° SmVe ^ 00 pertormance ^asure tor the first service class outweighs the negative 

effect on the performance measure for the one or more other service classes 

o^th Pr f erab ' y ' * he step of de termining a target system in the cluster on which the servers should be added com- 
prises the steps of: determming whether any system in the cluster has sufficient idle capacity to add the one or more 

selecZ oTsTcn ? ^ SyS,6m " C ' USter h3S SUffiCiem id ' e CapaCity l ° add ,ne one or mor 6 additional severs 
Ltctd 9 a°s n a e C s y y S s« e e:. aS * ^ ^ ^ * ^ 8 a ^ ' ° f d ca P a ^V * 

^\hriHH rt rab,y ', th t e ste P ^determining a target system in the cluster on which the servers should be added com- 

seXerl lt PS * " "° ^ C ' UStef h3S ^ M ^ to add ,he one or more additS^I 

servers, determining a system in the cluster where adding the one or more servers will have a least impact on othe 
work: and selecting that system as a target system. P 

n™fL ^ Urth f ' inVenti ° n Can 66 considered as a storage device readable by a machine, tangibly embodying a 
program of ,nstruct,ons executable by the machine to perform the method steps of claim 1 
ESS ? CCOrd,n9 to a sec ond aspect, the invention provides an apparatus as claimed in claim 6 

i n^Z H 9 , t0 3 th i d 3SPeCt ' inVenti ° n PrOVid6S 3 meth ° d 38 Claimed in claim 7 Preferably, the determining 
step ,s performed at periodic intervals, and work requests assigned to different service classes are placed in different 
queues, the determining step being performed for each o, the queues. Further, the determining sX^TpeL^Zt 

server on 7 " t" ^ JT* ^ ^ th. steps of: determining whether the queuThas a 

server on the system; and determining whether there is a work request in the queue with an affinity only to a subset 
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of the cluster only if the queue has no server on the system. 

[0012] Further, the invention can be considered as a storage device readable by a machine, tangibly embodying a 
program of instructions executable by the machine to perform the method steps of claim 7. 
[0013] According to a fourth aspect, the invention provides an apparatus as claimed in claim 9. 

s [0014] The present invention relates to a method and apparatus for controlling the number of servers in a cluster of 
information handling systems in which incoming work requests belonging to a first service class are placed in a queue 
for processing by one or more servers. Some of the incoming work requests may have a requirement to run only on a 
subset of the servers in the cluster. Work requests that have such a requirement are said to have an affinity to the 
subset of systems in the cluster that they must run on. In accordance with this invention, servers are started on one 

10 or more of the systems in the clusters to process the work requests in the queue. The systems on which to start these 
servers are chosen to take advantage of the total capacity of the cluster of systems, to meet the affinity requirements 
of the work requests,, and to minimize the effect on other work that might be running on the systems in the cluster. The 
system on which new servers are started also has units of work assigned to a second service class that acts as a donor 
of system resources. In accordance with the invention, a performance measure is defined for the first service class as 

15 well as for the second service class. Before adding servers to the first service class, there is determined not only the 
positive effect on the performance measure for the first service class, but also the negative effect on the performance 
measure for the second service class. Servers are added to the first service class only if the positive effect on the 
performance measure for the first service class outweighs the negative effect on the performance measure for the 
second service class. 

20 [0015] The present invention allows system management of the number of servers across a cluster of system for 
each of a plurality of user performance goal classes based on the performance goals of each goal class. Tradeoffs are 
made that consider the impact of addition or removal of servers on competing goal classes. 

[0016] Preferred embodiments of the present invention will now be described in conjunction with the following draw- 
ings. 

25 [0017] Fig. 1 is a system structure diagram showing particularly a computer system having a controlling operating 
system and system resource manager component adapted as described for the present invention. 
[0018] Fig. 1 A shows the flow of a client work request from the network to a server address space managed by the 
workload manager of the present invention. 

[0019] Fig. 2 illustrates the state data used to select resource bottlenecks. 
30 [0020] Fig. 3 is a flowchart showing logic flow for the find-bottleneck function. 

[0021] Fig. 4 is a flowchart of the steps to assess improving performance by increasing the number of servers. 
[0022] Fig. 5 is a sample graph of queue ready user average. 
[0023] Fig. 6 is a sample graph of queue delay. 

[0024] Fig. 7 shows the procedure for ensuring that there is at least one server somewhere in the cluster that can 

3S run each request on the queue. 

[0025] Fig. 8 shows the procedure for determining the best system in the cluster on which to start a server. 
[0026] Fig. 9 shows the procedure for finding the system where the impact on the donor work is the smallest. 
[0027] As a preliminary to discussing a system incorporating a preferred embodiment of the present invention, some 
prefatory remarks about the concept of workload management (upon which the present invention builds) are in order. 

40 [0028] Workload management is a concept whereby units of work (processes, threads, etc.) that are managed by 
an operating system are organized into classes (referred to as service classes or goal classes) that are provided system 
resources in accordance with how well they are meeting predefined goals. Resources are reassigned from a donor 
class, to a receiver class if the improvement in performance of the receiver class resulting from such reassignment 
exceeds the degradation in performance of the donor class, i.e., there is a net positive effect in performance as deter- 

45 mined by predefined performance criteria. Workload management of this type differs from the run-of-the-mill resource 
management performed by most operating systems in that the assignment of resources is determined not only by its 
effect on the work units to which the resources are reassigned, but also by its effect on the work units from which they 
are taken. 

[0029] Workload managers of this general type are disclosed in the following commonly owned patents, pending 
50 patent applications and non-patent publications, incorporated herein by reference: 

U.S. Patent 5,504,894 to D. F. Ferguson et al., entitled "workload Manager for Achieving Transaction Class Re- 
sponse Time Goals in a Multiprocessing System"; 

55 U.S. Patent 5,473,773 to J. D. AmanetaL, entitled "Apparatus and Method for Managing a Data Processing System 

workload According to Two or More Distinct Processing Goals"; 

U.S. Patent 5,537,542 to C. K. Eilert et al., entitled "Apparatus and Method for Managing a Server workload Ac- 
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20 



cording to Client Performance Goals in a Client/Server Data Processing System"; 

U.S. Patent 5,603,029 to J. D. Aman et al., entitled "System of Assigning Work Requests Based on Classifying 
^ into an El.g.ble Class where the Criteria Is Goal Oriented and Capacity Information is Available"; 

U.S. Patent 5,675,739 to C. K. Eilert et al., entitled "Apparatus and Method for Managing a Distributed Data 
Processing System Workload According to a Plurality of Distinct Processing Goal Types"; 

U.S. application Serial No. 08/383,042, filed February 3, 1 995, of C. K. Eilert et al., entitled "Multi-System Resource 
i° Capping"; 

U.S. application Serial No. 08/488,374, filed June 7, 1995, of J. D. Aman et al., entitled "Apparatus and Accom- 
panying Method for Assigning Session Requests in a Multi-Server Sysplex Environment"; 

U.S. application Serial No. 08/828,440, filed March 28, 1997, of J. D. Aman etal., entitled "Method and Apparatus 
for Controlling the Number of Servers in a Client/Server System"; 

MVS Planning: workload Management, IBM publication GC28-1761-00, 1996; 

MVS Programming: Workload Management Services, IBM publication GC28-1 773-00, 1996. 

[0030] Of the patents and applications, U.S. Patents 5,504,894 and 5,473,773 disclose basic workload management 
systems, U.S. Patent 5,537,542 discloses a particular application of the workload management system of U S Patent 
« , u ,0 cl,ent/server systems; U.S. Patent 5,675,739 and application 08/383,042 disclose particular applications 
W ° rk,0ad mana 9 ement system of U.S. Patent 5,473,773 to multiple interconnected systems' U S Patent 
5 603.029 relates to the assignment of work requests in a multisystem complex ("sysplex") ; application OB/488 374 
relates to the assignment of session requests in such a complex; and, as noted above, application 08/828 440 relates 
to the control of the number of servers on a single system of a multisystem complex. The two non-patent publications 
describe an implementation of workload management in the IBM« OS/390O (formerly MVS«) operating system 
[0031 J Fig. 1 illustrates the environment and the key features of the present invention for an exemplary embodiment 
comprising a cluster 90 of interconnected, cooperating computer systems 1 00, an exemplary two of which are shown 
The environment of the invention is that of a queue 161 of work requests 162 and a pool of servers 163 distributed 
across the cluster 90 that service the work requests. The invention allows management of the number of servers 163 
based on the performance goal classes of the queued work and the performance goal classes of competinq work in 
the systems 100. Having a single policy for the cluster 90 of systems 100 helps provide a single-image view of the 
distributed workload. Those skilled in the art will recognize that any number of systems 100 and any number of such 
queues and groups of servers 163 within a single computer system 1 00 may be used without departing from the spirit 
or scope of the invention. Computer systems 100 execute a distributed workload, and each is controlled by its own 
copy of an operating system 101 such as the IBM OS/390 operating system. 
40 [0032] Each copy of the operaling system 1 01 on a respective computer system 100 executes the steps described 
in this specification, when the description herein refers to a "local" system 1 00, it means the system 1 00 that is executing 
the steps being described. The "remote" systems 100 are all the other systems 100 being managed Note that each 
system 100 considers itself local and all other systems 100 remote. 

[0033] Except for the enhancements relating to the present invention, system 1 00 is similar to the ones disclosed in 
copending application 08/282,440 and U.S. Patent 5,675,739. As shown in Fig. 1, system 100 is one of a plurality of 
interconnected systems 1 00 that are similarly managed and make up a cluster 90 (also referred to as a system complex 
or sysplex). As taught in U.S. Patent 5,675,739, the performance of various service classes into which units of work 
may be classified may be tracked not only for a particular system 1 00, but for the cluster 90 as a whole To this end 
and as will be apparent from the description below, means are provided for communicating performance results between 
system 100 and other systems 100 in the cluster 90. 
[0034] Dispatcher 102 is a component of the operating system 101 that selects the unit of work to be executed next 
by the computer. The units of work are the application programs that do the useful work that is the purpose of the 
computer system 100. The units of work that are ready to be executed are represented by a chain of control blocks in 
the operating system memory called the address space control block (ASCB) queue. 
ss [0035] Work manager 1 60 is a component outside of the operating system 101 which uses operating system services 
to define one or more queues 161 to a workload manager (WLM) 105 and to insert work requests 162 onto these 
queues. The work manager 160 maintains the inserted requests 162 in first-in first-out (FIFO) order for selection by 
servers 163 of the work manager 160 on any of the systems 100 in the cluster 90. The work manager 160 ensures 



45 



SO 



HMSDOCID: <EP 0942363A2J_> 



EP 0 942 363 A2 



that a server only selects requests that have affinity to the system 100 that the server is running on. 
[0036] Servers 1 63 are components of the work manager 1 60 which are capable of servicing queued work requests 
162. when the workload manager 105 starts a server 163 to service requests 162 for a work manager 160's queue 
161 , the workload manager uses server definitions stored on a shared data facility 140 to start an address space (i.e., 
5 process) 164. The address space 164 started by the workload manager 105 contains one or more servers (i.e., dis- 
patchable units or tasks) 163 which service requests 162 on the particular queue 161 that the address space should 
service, as designated by the workload manager. 

[0037] Fig. 1A shows the flow of a client work request 162 from a network (not shown) to which system 100 is 
connected to a server address space 164 managed by the workload manager 105. A work request 162 is routed to a 
io particular system 100 in the cluster 90 and received by a work manager 160. Upon receiving the work request 162, 
the work manager 160 classifies it to a WLMservice class and inserts the work request into a work queue 161. The 
queue 161 is shared by all systems 100 in the cluster 90; i.e., queue 161 is a cluster-wide queue. The work request 
162 waits in the work queue 161 until there is a server 163 ready to run it. 

[0038] A task 163 in a server address space 164 on some system 100 in the cluster 90 that is ready to run a new 

is work request 1 62 (either the space has just been started or the task finished running a previous request) calls the work 
manager 1 60 for a new work request. If there is a request 1 62 on the work queue 1 61 the address space 1 64 is serving 
and the request has affinity to the system 1 00 on which the server is running; the work manager 1 60 passes the request 
to the server 163. Otherwise, the work manager 160 suspends the server 163 until a request 162 is available. 
[0039] When a work request 162 is received by a work manager 160, it is put on a work queue 161 to wait for a 

20 server 163 to be available to run the request. There is one work queue 161 for each unique combination of work 
manager 160, application environment name, and WLM service class of the work request 162. (An application envi- 
ronment is the environment that a set of similar client work requests 162 needs to execute. In OS/390 terms this maps 
to the job control language (JCL) procedure that is used to start the server address space to run the work requests.) 
The queuing structures are built dynamically when the first work request 162 for a specific work queue 161 arrives. 

-5 The structures are deleted when there has been no activity for a work queue 161 for a predetermined period of time 
(e.g., an hour). If an action is taken that can change the WLM service class of the queued work requests 162, like 
activating a new WLM policy, the workload manager 105 notifies the work manager 160 of the change and the work 
manager 160 rebuilds the work queues 161 to reflect the new WLM service class of each work request 162. 
[0040] There is a danger that a work request 162 that has a affinity to a system 100 with no servers 163 might never 

30 run if there are enough servers on other systems 100 to allow the work request's service class to meet its goal. To 
avoid this danger the workload manager 105 ensures that there is at least one server 163 somewhere in the cluster 
90 that can run each request on the queue 161. Figure 7 shows this logic. This logic is run by the work manager 160 
on each system 100 in the cluster 90. 

[0041] At step 701 the work manager 160 looks at the first queue 161 it owns. At step 702 the work manager 160 
35 checks to see if there is a server 163 for this queue 161 on the local system 100. If there is a server 163, the work 
manager 160 goes on to the next queue 161 (steps 708-709). If the work manager 160 finds a queue 161 with no 
servers 1 63 locally, the work manager next looks at each work request 1 62 on the queue, beginning with the first work 
request (steps 703-706). For each work request 162 the work manager 160 checks if there is a server 163 anywhere 
in the cluster 90 that can run the current work request (step 704). If there is a server 163 that can run the current work 
40 request, the work manager 160 goes on to the next request 162 on the queue 161 (step 706). If there is no server 163 
that can run the work request 162, the work manager 160 calls the workload manager 105 to start a server 1 63 (step 
707) and then goes on to the next queue 161 (step 708-709). The work manager 160 continues in a similar manner 
until all queues 161 owned by the work manager have been processed (step 710) 

[0042] To determine the best system 100 on which to start a server for a request when the work manager 160 calls 
45 workload manager 105 (707), workload manager 105 keeps a Service Available Array for each system 100 in the 
cluster 90 which indicates the service available at each importance and the unused service for that system. The array 
includes an entry for each importance (e.g. importances 0-6) and one for unused service, as depicted below: 



Array Element 


Array Element Content 


array element 1 
array element 2 
array element 3 
array element 4 
array element 5 
array element 6 
array element 7 


service avail, at importance 0 
service avail, at importance 1 
service avail, at importance 2 
service avail, at importance 3 
service avail, at importance 4 
service avail, at importance 5 
service avail, at importance 6 
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(continued) 



Array Element 


Array Element Content 


array element B 


unused service 



[0043] The Service Available Array is also described in the commonly assigned copending application of applicant 
C K. Eilert et al., Serial No. 08/827,529, filed March 28, 1 997, entitled "Managing Processor Resources in a Multisystem 
Environment", incorporated herein by reference. 

10 [0044] Workload manager 1 05 starts a new server on the system 1 00 with the most service available at the importance 
of the request's service class. Subsequent spaces 164 are started when required to support the workload (see policy 
adjustment discussion below). Preferably, the mechanism to start spaces 164 has several features to avoid common 
problems in other implementations that automatically start spaces. Thus, starting of spaces 164 is preferably paced 
so that only one start is in progress at time. This pacing avoids flooding the system 1 00 with address spaces 1 64 beino 

1S started. y 

[0045] Also, special logic is preferably provided to prevent creation of additional address spaces 164 for a given 
application environment if a predetermined number of consecutive start failures (e.g., 3 failures) are encountered for 
which the likely cause is a JCL error in the JCL proc for the application environment. This avoids getting into a loop 
trying to start an address spaces that will not successfully start until the JCL error is corrected. 

20 [0046] Additionally, if a server address space 164 fails while running a work request 162, workload manager 105 
preferably starts a new address space to replace it. Repeated failures cause workload manager 1 05 to stop accepting 
work requests for the application environment until informed by an operator command that the problem has been solved 
[0047] A given server address space 164 is physically capable of serving any work request 162 for its application 
environment even though it normally only serves a single work queue 161. Preferably, when a server address space 

25 1 64 is no longer needed to support its work queue 161 , it is not terminated immediately, instead, the server address 
space 164 waits for a period of time as a "free agent" to see if it can be used to support another work queue 161 with 
the same application environment. If the server address space 164 can be shifted to a new work queue 161 the 
overhead of starting a new server address space for that work queue is avoided. If the server address space 164 is 
not needed by another work queue 161 within a predetermined period (e.g., 5 minutes), it is terminated. 

3Q [0048] The present invention takes as input the performance goals 1 41 and server definitions established by a system 
administrator and stored on a data storage facility 140. The data storage facility 140 is accessible by each system 100 
being managed. The performance goals illustrated here are of two types: response time (in seconds) and execution 
velocity (in percent). Those skilled in the art will recognize that other goals, or additional goals, may be chosen without 
departing from the spirit or scope of the invention. Included with the performance goats is the specification of the relative 

3S importance of each goal. The goals 141 are read into each system 100 by the workload manager component 105 of 
the operating system 1 01 on each of the systems 1 00 being managed. Each of the goals, which were established and 
specified by the system administrator, causes the workload manager 105 on each system 100 to establish a perform- 
ance class to which individual work units are assigned. Each performance class is represented in the memory of the 
operating systems 101 by a class table entry 106. The specified goals (in an internal representation) and other infor- 

40 mation relating to the performance class are recorded in the class table entry. Other information stored in a class table 
entry includes the number 107 of servers 163 (a controlled variable), the relative importance 1 08 of the goal class (an 
input value), the multisystem performance index (PI) 151, the local performance index 152 (computed values repre- 
senting performance measures), the response time goal 11 0 (an input value), the execution velocity goal 1 1 1 (an input 
value), sample data 1 1 3 (measured data), the remote response time history (1 57) (measured data), the remote velocity 

4S history 15B (measured data), the sample data history 125 (measured data), and the response time history 126 (meas- 
ured data). v 

[0049] Operating system 101 includes a system resource manager (SRM) 112, which in turn includes a multisystem 
goal-driven performance controller (MGDPC) 114. These components operate generally as described in U S Patents 
5,473,773 and 5,675,739. However, MGDPC 114 is modified according to the present invention to manage the number 
so of servers 163. MGDPC 114 performs the functions of measuring the achievement of goals, selecting the user per- 
formance goal classes that need their performance improved, and improving the performance of the user performance 
goal classes selected by modifying the controlled variables of the associated work units, as described later The MGDPC 
function is performed periodically based on a periodic timer expiration approximately every ten seconds in the preferred 
embodiment. The interval at which the MGDPC function is performed is called the MGDPC interval or policy adjustment 
interval. 



[0050] The general manner of operation of MGDPC 114, as described in U.S. Patent 5,675,739, is as follows At 
115, a multisystem performance index 151 and a local performance index 152 are calculated for each user performance 
goal class 1 06 using the specified goal 1 1 0 or 1 1 1 . The multisystem performance index 1 51 represents the performance 
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of work units associated with the goal class across all the systems 100 being managed. The local performance index 
152 represents the performance of work units associated with the goal class on the local system 100. The resulting 
performance indexes 151, 152 are recorded in the corresponding class table entry 106. The concept of a performance 
index as a method of measuring user performance goal achievement is well known. For example, in the above-cited 
s U.S. Patent 5,504,894 to Ferguson et al., the performance index is described as the actual response time divided by 
the goal response time. 

[0051] At 116, a user performance goal class is selected to receive a performance improvement in the order of the 
relative goal importance 1 0B and the current value of the performance indexes 151,1 52. The selected user performance 
goal class is referred to as the receiver. MGDPC 114 first uses the multisystem performance index 151 when choosing 

io a receiver so that the action it takes has the largest possible impact on causing work units to meet goals across all the 
systems -1 00 being managed. When there -is no action to-take based on the multisystem performance index 151, -the 
local performance index 152 is used to select a receiver that will most help the local system 100 meet its goals. 
[0052] After a candidate receiver class has been determined, the controlled variable for that class that constitutes a 
performance bottleneck is determined at 117 by using state samples 125, a well-known technique. As described in U. 

15 S. Patent 5,675,739, the controlled variables include such variables as protective processor storage target (affects 
paging delay), swap protect time (SPT) target (affects swap delay), multiprogramming level (MPL) target (affects MPL 
delay), and dispatch priority (affects CPU delay). In accordance with the present invention, the controlled variables 
also include the number of servers 163, which affects queue delay. 

[0053] In Fig. 1 the number 107 of servers 163 is shown stored in the class table entry 106, which might be taken 
20 to imply a limitation of one queue 161 per class. However, this is merely a simplification for illustrative purposes; those 
skilled in the art will recognize that multiple queues 161 per class can be independently managed simply by changing 
the location of the data. The fundamental requirements are that the work requests 162 for a single queue 161 have 
only one goal, that each server 163 has equal capability to service requests, and that a server cannot service work on 
more than one queue 161 without notification from and/or to the workload manager 105. 
25 [0054] After a candidate performance bottleneck has been identified, the potential changes to the controlled variables 
are considered at 11 B. At 123 a user performance goal class is selected for which a performance decrease can be 
made based on the relative goal importance 108 and the current value of the performance indexes 151 , 152. The user 
performance goal class thus selected is referred to as the donor. 

[0055] After a candidate donor class has been selected, the proposed changes are assessed at 124 for net value 
30 relative to the expected changes to the multisystem and local performance indexes 151 , 152 for both the receiver and 

the donor for each of the controlled variables, including the number 107 of servers 163 and the variables mentioned 

above and in U.S. Patent 5,675,739. A proposed change has net value if the result would yield more improvement for 

the receiver than harm to the donor relative to the goals. If the proposed change has net value, then the respective 

controlled variable is adjusted for both the donor and the receiver. 
35 [0056] Each system 100 to be managed is connected to a data transmission mechanism 155 that allows each system 

100 to send data records to every other system 100. At 1 53 a data record describing the recent performance of each 

goal class is sent to every other system 1 00. 

[0057] The multisystem goal driven performance controller (MGDPC) function is performed periodically, (once every 
ten seconds in the preferred embodiment) and is invoked via a timer expiration. The functioning of the MGDPC provides 
^o a feedback loop for the incremental detection and correction of performance problems so as to make the operating 
system 101 adaptive and self-tuning. 

[0058] At the end of the MGDPC interval a data record describing the performance of each goal class during the 
interval is sent to each remote system 100 being managed, as generally described in U.S. Patent 5,675,739. For a 
performance goal class having response time goals, this data record contains the goal class name and an array with 

45 entries equivalent to a row of the remote response time history that describes the completions in the goal class over 
the last MGDPC interval. For a goal class with velocity goals this data record contains the goal class name, the count 
of times work in the goal class was sampled running in the last MGDPC interval, and the count of times work in the 
goal class was sampled as running or delayed in the last MGDPC interval. In accordance with the present invention, 
each system 1 00 sends as additional data the Service Available Array for the system 1 00 sending the data, the number 

so of servers 1 63 for each queue 161, and the number of idle servers 1 63 for each queue 161. 

[0059] At 154 a remote data receiver receives performance data from remote systems 100 asynchronously from 
MGDPC 114. The received data is placed in a remote performance data histories (157,1 58) for later processing by the 
MGDPC 114. 

[0060] Fig. 2 illustrates the state data used by find bottleneck means 117 to select resource bottlenecks to address. 
55 For each delay type, the performance goal class table entry 106 contains the number of samples encountering that 
delay type and a flag indicating whether the delay type has already been selected as a bottleneck during the present 
invocation of MGDPC 114. In the case of the cross-memory-paging type delay, the class table entry 106 also contains 
identifiers of the address spaces that experienced the delays. 
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[0061] The logic flow of the find bottleneck means 1 1 7 is illustrated in Fig. 3. The selection of a bottleneck to address 
is made by selecting the delay type with the largest number of samples that has not already been selected during the 
present invocation of MGDPC 114. When a delay type is selected, the flag is set so that delay type is skipped it the 
find bottleneck means is reinvoked during this invocation of MGDPC 114. 
5 [0062] In Fig. 3 at 501 , a check is made to determine whether the CPU delay type has the largest number of delay 
samples of all the delay types that have not yet been selected. It yes, at 502 the CPU-delay-selected flag is set and 
CPU delay is returned as the next bottleneck to be addressed. 

[0063] At 503 a check is made to determine whether the MPL delay type has the largest number of delay samples 
of all the delay types that have not yet been selected. If yes, at 504 the MPL-delay-selected flag is set and MPL delay 
io is returned as the next bottleneck to be addressed. 

[0064] At 505 a check is made to determine whether the swap delay type has the largest number of delay samples 
of all the delay types that have not yet been selected. If yes, at 506 the swap-delay-selected flag is set and swap delay 
is returned as the next bottleneck to be addressed. 

[0065] At 507 a check is made to determine whether the paging delay type has the largest number of delay samples 
« of all the delay types that have not yet been selected. If yes, at 508 the pagingOelay-selected flag is set and paging 
delay is returned as the next bottleneck to be addressed. There are five types of paging delay. At 507, the type with 
the largest number of delay samples is located, and at 50B, the flag is set for the particular type and the particular type 
is returned. The types of paging delay are: private area, common area, cross memory, virtual input/output (VIO), and 
hyperspace, each corresponding to a page delay situation well known in the environment of the preferred embodiment 
20 (OS/390). 

[0066] Finally, at 509 a check is made to determine whether the queue delay type has the largest number of delay 
samples of all the delay types that have not yet been selected. A class gets one queue delay type sample for each 
work request on the queue 161 that is eligible to run on the local system 100. If yes, at 510 the queue-delay-selected 
flag is set and queue delay is returned as the next bottleneck to be addressed. Queue delay is not addressed on the 
local system 100 if another system 100 in the cluster 90 has started servers 163 for the queue 161 during the last 
policy adjustment interval. Queue delay is also not addressed it the candidate receiver class has swapped out ready 
work. 3 

[0067] The following section describes how the receiver performance goal class performance is improved by chang- 
ing a controlled variable to reduce the delay selected by the find bottleneck means 117 and, in particular, how perform- 
ance is improved by reducing the queue delay experienced by the receiver. For a shared queue 161 this is a two-step 
process. First an assessment is made of adding the servers 163 on the local system 100 including the impact on the 
donor work. If there is net value in adding the servers 1 63, the next step is to determine if the servers should be started 
on the local system 100 or they should be started on another system 100 in the cluster 90. If a remote system 100 
seems like a better place to start the servers 163, the local system 100 waits to give that system a chance to start the 
3S servers. However if that system 100 does not start the servers 163, the local system 100 starts them, as described 
below in conjunction with Fig. 8. 

[0068] Fig. 4 shows the logic flow to assess improving performance by starting additional servers 163. Figs 4-6 
illustrate the steps involved in making the performance index delta projections provided by the fix means 118 to the 
net value means 124. At 1401, a new number of servers 163 is selected to be assessed. The number must be large 
enough to result in sufficient receiver value (checked at 1405) to make the change worthwhile. The number must not 
be so large that the value of additional servers 163 is marginal, for example, not more than the total number of queued 
and running work requests 162 The next step is to calculate the additional CPU the additional servers 163 will use 
this is done by multiplying the average CPU used by a work request by the additional servers 163 to be added 
[0069] At 1402, the projected number of work requests 162 at the new number of servers 163 is read from the server 
ready user average graph shown in Fig. 5. At 1403, the current and projected queue delays are read from the queue 
delay graph shown in Fig. 6. At 1404, the projected local and multisystem performance index deltas are calculated 
These calculations are shown below. 

[0070] Fig. 5 illustrates the queue ready user average graph. The queue ready user average graph is used to predict 
the demand for servers 163 when assessing a change in the number of servers 163 for a queue 161. The graph can 
show the point at which work requests 162 will start backing up. The abscissa (x) value is the number of servers 163 
available to the queue 161 The ordinate (y) value is the maximum number of work requests 1 62 ready to execute 
[0071] Fig. 6 illustrates the queue delay graph. The queue delay graph is used to assess the value of increasing or 
decreasing the number of servers 163 for a queue 161. The graph shows how response time may be improved by 
increasing the number of queue servers 1 63 or how response time may be degraded by reducing the number of queue 
servers 1 63. It also will implicitly consider contention for resources not managed by the workload manager 105 which 
might be caused by adding additional servers 163, for example, database lock contention. In such a case the queue 
delay on the graph will not decrease as additional servers 163 are added. The abscissa value is the percentage of 
ready work requests 162 that have a server 163 available and swapped in across the cluster 90 of systems 100 The 
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ordinate value is the queue delay per completion. 

[0072] Sysplex (i.e., multisystem) performance index (PI) deltas for increases in the number of servers 163 are 
calculated as follows. Note that only sysplex performance index deltas are calculated because a queue 161 is a sysplex 
wide resource. 

5 

For response time goals: 
[0073] 

10 

(projected sysplex PI delta) = 



(projected queue delay - current queue delay) / response time goal 



15 For velocity goals: 
[0074] 

(new svsclex velocity - cpuu + ((cp uu/oldserver) * newserver) 

20 mew s y s P ,ex velocity; - non _ jd|e + (( qd / qr eq) * (observer - newserver)) 

(sysplex PI delta) = 

25 (current sysplex PI - goal) / new sysplex velocity 



Where: 



cpuu is the sysplex CPU-using samples; 

30 

oldserveris the number of servers 163 before the change being assessed is made; 
newserver is the number of servers 1 63 after the change being assessed is made; 
35 non-idle is the total number of sysplex non-idle samples; 



qd is the sysplex queue delay samples; and 



qreq is the number of work requests 162 on the queue 161 . 

40 

[0075] Similar calculations are used to calculate performance index deltas for decreases in the number of servers 
163. 

[0076] At 1405, a check is made for sufficient receiver value provided by the additional number of servers 163. 
Preferably, this step includes the step of determining whether the new servers 163 would get enough CPU time to 
45 make adding them worthwhile. If there is not sufficient receiver value, control returns to 1401 where a larger number 
of servers 1 63 is selected to be assessed. 

[0077] If there is sufficient receiver value, at 1406 select donor means 123 is called to find donors for the storage 
needed to start the additional servers 163 on behalf of the receiver performance goal class. 

[0078] The controlled variable that is adjusted for the donor class need not necessarily be the number 1 07 of servers 
50 163 for that class. Any one of several different controlled variables of the donor class, such as MPL slots or protected 
processor storage, may be alternatively or additionally adjusted to provide the necessary storage for the additional 
servers 1 63. The manner of assessing the effect on the donor class of adjusting such controlled variables , while forming 
no part of the present invention, is described in U.S. Patents 5,537,542 and 5,675,739. 

[0079] At 1407, a check is made to ensure that there is net value in taking storage from the donors to increase the 
55 number of servers 163 for the receiver class. As described in U. S. Patent 5,675,739, this may be determined using 
one or more of several different criteria, such as whether the donor is projected to meet its goals after the resource 
reallocation, whether the receiver is currently missing its goals, whether the receiver is a more important class than 
the donor, or whether there is a net gain in the combined performance indexes of the donor and the receiver ~ i.e., 
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whether the positive effect on the performance index for the receiver class of adding servers to the receiver class 
outweighs the negative effect on the performance index of the donor class of adding servers to the receiver class If 
there is net value, the next step is to determine if the local system 100 is the best system in the cluster 90 to start the 
new servers 163 (1408); otherwise, the receiver goal class queue delay problem cannot be solved (1409). 
[0080] Fig. 8 shows the procedure for determining a target system representing the best system 100 in the cluster 
90 on which to start the new servers 1 63. This procedure is done as part of step 1 408 by each system 1 00 in the cluster 
90, once it is determined that there is net value to adding more servers and that one or more servers 163 should be 
added to the receiver class. The local system 100 first checks to see if any system 100 in the cluster 90 has enough 
idle capacity to support the new servers 163 without impacting other work (step 801). This done by looking at the 
Service Available Array for each system 100 in the cluster 90 and choosing the system 100 with enough CPU service 
available at array element 8 (unused CPU service) to support the new servers 163. If multiple systems 100 have 
sufficient unused CPU service, the system 100 with the most unused service is chosen. However systems 100 with 
idle servers 1 63 are not chosen because if a system 1 00 has idle servers when there is queued work request it means 
many work requests do not have affinity to that system 1 00. 

[0081] The local system 1 00 then checks to see if a target system 100 was found with enough idle CPU capacity to 
start the servers 163 (step 802). If a target system 100 is found and it is the local system 100 (step 803) the local 
system 1 00 starts the servers 1 63 locally (steps 804-805). 

[0082] If at step 803 it is found that another system 100 has the most idle capacity to start the new servers 163 
control passes to step 806, where the local system 100 waits for a policy adjustment interval (10 seconds) and then 
checks to see if another system 100 has started the servers 163 (step 807). If another system 100 has started the 
servers 1 63, no action is taken locally (step 811 ). If no other system 100 has started the servers 163, the local system 
100 checks to see if it has sufficient idle CPU capacity to support the new servers 163 (step 812) If it has the local 
system 1 00 starts the servers 1 63 locally (steps 81 3-814). 

[0083] Control passes to step 808 if there were no systems 1 00 that had sufficient idle CPU capacity to support the 
new servers 163 or if there was a system 100 that had sufficient idle CPU capacity but that system 100 did not start 
servers. One reason that such a system 100 may not start servers 163 is that it has a memory shortage At this point 
it is known that the new servers 1 63 cannot be started without impacting the donor work. The local system 1 00 therefore 
checks to see if start.ng the servers 163 locally will cause the donor work to miss its goals. If the donor work will not 
miss .ts goals, the local system 100 starts the servers 163 locally (steps 817-818). If starting the servers 163 locally 
will cause the donor class to miss its goal, the local system 100 then finds the system 100 where the impact on the 
donor work is the smallest (step 809). 

[0084] Fig. 9 shows the routine for determining at 809 the system 100 where the impact on the donor work is the 
smallest. The routine first sends the name of the donor class and the donor's performance index (PI) delta to the other 
systems 100 in the cluster 90 (step 901). By exchanging this donor information, each system 100 that is assessing 
adding servers 163 for the receiver class can see the impact of adding the servers on all the other systems 100 The 
routine then warts one policy interval (10 seconds in the embodiment shown) to allow the other systems 100 to send 
their donor .nformation (step 902). The routine then selects the system 100 where the donor class has the least im- 
portance (step 903) and returns the selected system 100 to the calling routine to complete step 809 (step 905) If there 
is a tie on donor importance (step 904), the routine selects the system 100 where the donor's performance index (PI) 
delta is the smallest (step 906) and returns this system 100 to the calling routine (step 907). 

[0085] Referring again to Fig. B, after completing step 809 the local system 100 checks to see if the system 100 
selected as having the least donor impact is the local system (step 81 0). If it is, the local system 1 00 starts the servers 
163 locally (steps 817-818). Otherwise, the local system 100 waits a policy interval to allow another system 100 to 
start the servers 163 (step 815) and, at the end of this interval, checks to see if another system 100 has started the 
servers 163 (step 816). If another system 100 has started the servers 163, the local system 100 takes no action (step 
818). If no other system 100 has started the servers 163, the local system 100 starts them locally (steps 817-818) 
[0086] At 1408, logic is included to temporarily defer requests to start new servers 163 for the queue 161 under 
certain circumstances. Concurrent requests to start new seivers 1 63 are limited to avoid unnecessary impact to existing 
work. This pacing ensures that the operating system 1 01 is not flooded with many concurrent requests to start additional 
servers 163, which can be disruptive. Detection of faulty information in the data repository 141 provided by the system 
administrator is also implemented, to prevent infinite retry loops if the server definition information is incorrect to the 
degree that new servers 163 cannot be successfully started. Once a server 163 is started, logic is also included to 
automatically replace a server should it fail unexpectedly. Idle servers 163 with identical server definition information 
but serving different queues 161 for the same work manager 160 may be moved between queues in order to satisfy 
requests to increase the number of servers 1 63 for a particular queue, thus avoiding the overhead of starting an entirely 
new server. 3 ' 

[0087] The invention is preferably implemented as software (i.e., a machine-readable program of instructions tangibly 
embodied on a program storage devices) executing on one or more hardware machines, while a particular embodiment 
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has been shown and described, it will be apparent to those skilled in the art that other embodiments beyond the ones 
specifically described herein may be made or practised without departing from the spirit of the invention. It will also will 
be apparent to those skilled in the art that various equivalents may be substituted for elements specifically disclosed 
herein. Similarly, changes, combinations and modifications of the presently disclosed embodiments will also be appar- 
5 ent. For example, multiple queues may be provided for each service class rather than the single queue disclosed 
herein. The embodiments disclosed and the details thereof are intended to teach the practice of the invention and are 
intended to be illustrative and not limiting. 

[0088] A method and apparatus for controlling the number of servers in a multisystem cluster. Incoming work requests 
are organized into service classes, each of which has a queue serviced by servers across the cluster. Each service 

io class has defined for it a local performance index for each particular system of the cluster and a multisystem perform- 
ance index for the cluster as a- whole. Each system selects one service-class as a-donor class for donating system 
resources and another service class as a receiver class for receiving system resources, based upon how well the 
service classes are meeting their goals. Each system then determines the resource bottleneck causing the receiver 
class to miss its goals. If the resource bottleneck is the number of servers, each system determines whether and how 

75 many servers should be added to the receiver class, based upon whether the positive effect of adding such servers 
on the performance index for the receiver class outweighs the negative effect of adding such servers on the performance 
measure for the donor class. If a system determines that servers should be added to the receiver class, it then deter- 
mines the system in the cluster to which the servers should be added, based upon the effect on other work on that 
system. To make this latter determination, each system first determines whether another system has enough idle 

20 capacity and, if so, lets that system add servers. If no system has sufficient idle capacity, each system then determines 
whether the local donor class will miss its goals if servers are started locally. It not, the servers are started on the local 
system. Otherwise, each system determines where the donor class will be hurt the least and acts accordingly. To ensure 
the availability of a server capable of processing each of the work requests in the queue, each system determines 
whether there is a work request in the queue with an affinity only to a subset of the cluster that does not have servers 

25 for the queue and, if so, starts a server for the queue on a system in the subset to which the work request has an affinity. 



Claims 

30 1. in a cluster of information handling systems in which incoming work requests belonging to a service class are 
placed in a cluster-wide queue for processing by one or more servers on the systems of the cluster, a method of 
controlling the number of such servers, comprising the steps of: 

determining whether one or more servers should be added to the service class; 

35 

determining a target system in the cluster on which the servers should be added if it is determined that one 
or more servers should be added to the service class; and * 

adding the servers on the target system. 

40 

2. The method of claim 1 in which the service class is a first service class, the cluster having at least one other service 
class, each of the service classes having a performance measure defined for it. 

3. The method of claim 2 in which the step of determining whether servers should be added to the first service class 
*s comprises the steps of: 

determining a positive effect on the performance measure for the first service class of adding a predetermined 
number of servers to the first service class; 

so determining a negative effect on the performance measure for one or more other service classes of adding 

the predetermined number of servers to the first service class; and 

determining whether the positive effect on the performance measure for the first service class outweighs the 
negative effect on the performance measure for the one or more other service classes. 

55 

4. The method of claim 1 in which the step of determining a target system in the cluster on which the servers should 
be added comprises the steps of: 
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determining whether any system in the cluster has sufficient idle capacity to add the one or more additional 
servers; and 

if any system in the cluster has sufficient idle capacity to add the one or more additional servers selectinq 
one such system as a target system. 

5. A program storage device readable by a machine, tangibly embodying a program of instructions executable by 
the machine to perform the method steps of claim 1 ' 

6. In a cluster of information handling systems in which incoming work requests belonging to a service class are 
placed in a cluster-w.de queue for processing by one or more servers on the systems of the cluster, apparatus for 
controlling the number of such servers, comprising: 

means for determining whether one or more servers should be added to the service class; 

means for determining a target system in the cluster on which the servers should be added if it is determined 
that one or more servers should be added to the service class; and 

means for adding the servers on the target system. 

7. In a cluster of information handling systems in which incoming work requests are placed in a queue for processing 
by one or more servers on the systems, a method of ensuring the availability of a server capable of processing 
each of the work requests in the queue, comprising the steps of: 

determining whether there is a work request in the queue with an affinity only to a subset of the cluster that 
does not have servers for the queue; and 

starting a server for the queue on a system in the subset to which the work request has an affinity if it is 
determined that there is a work request in the queue with an affinity only to a subset of the cluster that does 
JW not have servers for the queue. 

8. A program storage device readable by a machine, tangibly embodying a program of instructions executable by 
the machine to perform the method steps of claim 7. 

9. In a cluster of information handling systems in which incoming work requests are placed in a queue for processing 
by one or more servers on the systems, apparatus for ensuring the availability of a server capable of processing 
each of the work requests in the queue, comprising: 

means for determining whether there is a work request in the queue with an affinity only to a subset of the 
cluster that does not have servers for the queue; and 

means for starting a server for the queue on a system in the subset to which the work request has an affinity 
it is determ.ned that there is a work request in the queue with an affinity only to a subset of the cluster that 
does not have servers for the queue. 
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for the queue on a system in the subset to which the 
work request has an affinity. 
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